Abstract. The aim of the present study was to investigate the expression of microRNA (miR)-520b in non-small cell lung cancer (NSCLC) and its biological functions. Reverse transcription-quantitative polymerase chain reaction was used to detect the expression of miR-520b in 52 cases of NSCLC tissues, and its associations with tumor clinical staging and lymph node metastasis were analyzed. miR-520b mimics was transfected into A549 and Calu-3 cells. Cell proliferation, cell cycle, and cell invasion and migration abilities were assessed via cell counting kit-8 assay, flow cytometry and Transwell chamber assay, respectively. Western blot analysis was performed to detected protein expression levels, and dual luciferase reporter assay was used to detect the gene interaction. miR-520b expression was significantly downregulated in NSCLC. The expression of miR-520b in tumor tissues at N1 stage was lower than that at the N0 stage. miR-520b expression was negatively associated with clinical TNM staging. Furthermore, miR-520b mimic transfection inhibited the proliferation and invasion and metastasis abilities of A549 and Calu-3 cells. The expression of Rab22A was downregulated in the miR-520b mimics-transfected cells, whereas E-cadherin expression was increased, and vimentin expression was downregulated. Dual luciferase reporter assay demonstrated that miR-520b directly targeted the expression of Rab22A. Furthermore, Rab22A reversal downregulated the inhibitory effect of miR-520b. miR-520b expression was downregulated in NSCLC, which was negatively correlated with lymph node metastasis and TNM staging. miR-520b targeted on Rab22A to work as a tumor suppressor, inhibiting tumor proliferation and metastasis.
Introduction
Lung cancer is one of the most malignant tumors in the world, for which there is still no effective treatment (1) . In China, the morbidity (20.48%) and mortality (40.71%) of lung cancer rank as the first among all malignant tumors, representing a great threat to public health (2) . Studies have demonstrated that non-small cell lung cancer (NSCLC), as the main clinical pathological type, accounts for ~90% of lung cancer cases (3) (4) (5) . Due to the difficulty for the early diagnosis of NSCLC, distant metastasis occurs in ~40% of patients at the first diagnosis, whereas 50% of patients in the treatment process suffer from tumor metastasis (6) . It has been demonstrated that, when the patients of NSCLC without distant metastasis receive appropriate treatment, the five-year survival rate may be 50-70%, whereas the survival rate for the patients with metastasis would be <5% (7) . A growing body of evidence has demonstrated that tumor recurrence and metastasis represent key factors affecting the efficacy of the clinical treatment for NSCLC (8, 9) . However, the underlying molecular mechanism has yet to be elucidated.
Recurrence and metastasis of NSCLC are closely associated with the imbalanced expression between oncogenes and tumor suppressor genes (10) . When oncogenes are obviously activated and tumor suppressor genes are inactivated, NSCLC cells exhibit severe malignancy, which would gain the characteristics of metastasis, drug resistance, and self-renewal capacity (11, 12) . Accordingly, in recent years, there has been intensive investigation focusing on the expression regulation of oncogenes and tumor suppressor genes in NSCLC, and there have been important breakthroughs (13) . It has been demonstrated that epidermal growth factor receptor and Kras gene mutations can be used as predictors for the disease prognosis and the responses to molecular targeting therapies (14, 15) . Furthermore, patients with BRAF mutations are more suitable for the target therapy with tyrosinase inhibitors (16) . Furthermore, the expression of oncogene Met has important clinical value in assessing the prognosis of patients with NSCLC (17) . However, at present, there is little knowledge regarding the oncogenes and tumor suppressor genes in NSCLC. Therefore, it is of great clinical importance to investigate the associated regulatory mechanisms for these oncogenes and tumor suppressor genes.
microRNAs (miRNAs or miRs), with the length of 18-22 nucleotides, are important regulatory factors for gene post-transcription, which bind to the mRNA 3'-untranslated region (UTR) to inhibit the mRNA translation (18) . Studies have indicated the abnormal expression spectrum of the miR molecules in tumor tissues, including a variety of miRNAs with tumor promoting or suppressing functions, which are Role of miR-520b in non-small cell lung cancer LINLIN ZHANG 1 and SHUANGQUAN YU associated with the regulation of tumor cell proliferation, invasion and metastasis, angiogenesis, self-renewal capacity, drug resistance, and apoptotic processes (19, 20) . miR-520b is a tumor-related miRNA molecule discovered in recent years, which serves the role as tumor suppressor by targeting different genes associated with the regulation of tumor proliferation, metastasis, tumor stemness, drug resistance, autophagy and immune escape. miR-520b has represented a potential target for clinical nucleic acid therapy (21) . However, at present, the expression and role of miR-520b in NSCLC remains unclear.
In the present study, the association between miR-520b and NSCLC pathogenesis was investigated at both the tissue and cellular levels. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR). Expression levels of miR-520b in the tissues and transfected cells were detected via RT-qPCR. A total of 100 mg fresh tissue was frozen with liquid nitrogen and ground into powder. Total RNA was extracted from the ground tissues, and A549 and Calu-3 cell lines using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.). The cDNA template was obtained through reverse transcription with the miScript II RT kit (Qiagen GmbH, Hilden, Germany), according to the manufacturer's protocol. qPCR was performed with the miScript SYBR ® -Green PCR Kit (Qiagen GmbH) on the ABI Step one plus system (Applied Biosystems; Thermo Fisher Scientific, Inc.). The reaction system consisted of 10 µl RTq-PCR-Mix, 0.5 µl primer each, 2 µl cDNA and 7 µl ddH 2 O. The forward primer sequence for miR-520b was 5'-AAA GTG CTT CCT TTT AGA GGG-3', and a general primer was used for reverse primer (U6 forward, 5'-CTC GCT TCG GCA GCA CA-3' and reverse, 5'-AAC GCT TCA CGA ATT TGC GT-3'; provided within the kit). Reaction conditions were as follows: Initial denaturation at 95˚C for 10 min, followed by 40 cycles of denaturation at 95˚C for 1 min, and annealing and elongation at 60˚C for 30 sec. The target gene expression was determined with the 2 -ΔΔCt method (23) .
Materials and methods
Cell transfection. For cell transaction, 2x10 5 cells were seeded onto the 24-well plates. These cells were cultured with 500 µl antibiotic-free RPMI 1640 medium containing 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), in a 37˚C, 5% CO 2 incubator, overnight. Cell transfection was performed when 70% confluence was reached. Briefly, 1.5 µl miR-520b mimics (5'-AAA GTG CTT CCT TTT AGA GGG-3'; 20 pmol/µl; Hanheng Biotechnology Company, Shanghai, China) and 1 µl Lipofectamine 2000 (Thermo Fisher Scientific, Inc.) were added to an Eppendorf tube containing 50 µl OptiMemi medium (Thermo Fisher Scientific, Inc.). The normal control (NC) group was transfected with 20 pmol/µl of a nonsense miRNA sequence (5'-UCACAACCUCCUAGAAAGAGUAGA-3'; Guangzhou RiboBio Co., Ltd., Guangzhou, China). Following incubation at room temperature for 5 min, the solution was mixed together, which, following another 20 min, was used to incubate the cells at 37˚C for 6 h. Following culture with RPMI 1640 medium containing 10% FBS for 48 h in a 37˚C, 5% CO 2 incubator, these cells were collected and prepared for the following experiments. For the transfection with Rab22A lentivirus, Lv-GFP-Rab22A lentivirus (Hanheng Biotechnology Company) was added to incubate the adhered cells at 60% confluence (at the rate of multiplicity of infection=20) at 37˚C for 12 h. Subsequently, the culture medium was replaced with RPMI 1640 medium containing 10% FBS.
Cell counting kit-8 (CCK-8) assay.
Cell proliferation was assessed with the CCK-8 assay (Beyotime Institute of Biotechnology, Haimen, China). Cells were seeded onto 96-well plates at a density of 2x10 3 cells/well. A total of 20 µl CCK-8 (5 g/l) was added into the wells for incubation times of 0, 24, 48 and 72 h, at 37˚C. On the last day, 150 µl CCK-8 was added to the cells at 37˚C for 2 h. Then the absorption at 490 nm (OD 490 nm ) was measured for each well, and cell proliferation curves were plotted accordingly.
Transwell chamber assay. Cell invasion and migration were assessed with the Transwell chamber assay (Corning Incorporated, Corning, NY, USA). Matrigel matrix was stored in a 4˚C refrigerator overnight. Following dilution with serum-free RPMI 1640 medium at a ratio of 1:3, the matrix was evenly smeared onto the upper Transwell chamber, which was subsequently incubated at 37˚C for 60 min. Subsequently, 1x10 5 cells were seeded into the upper chamber with 200 µl serum-free medium, whereas the lower chamber was seeded with 500 µl RPMI 1640 medium containing 10% FBS. Following incubation at 37˚C for 24 h, the cells were fixed with 4% formaldehyde at room temperature for 10 min. The cells were stained using the ABC solution from the kit for 2 min at room temperature. Following washing, cell invasion was observed under light microscope and 5 fields were randomly selected under high magnification, and the cells infiltrating through the membrane were counted, based on which the cell invasion and migration abilities were assessed.
Flow cytometry. At 48 h following transfection, cells were digested with trypsin and rinsed twice with pre-cold PBS. Cell cycle was detected by flow cytometry, using a Cell Cycle Assay kit (BD Biosciences, Franklin Lakes, NJ, USA), according to the manufacturer's instructions. Cells (2x10 6 cells/ml) were incubated with 200 µl solution A at room temperature for 10 min, and then incubated with 150 µl solution B at room temperature for 10 min, followed by incubation at room temperature with 120 µl solution C in the dark for 10 min. Fluorescence was detected using a flow cytometer, and the results were analyzed with Modfit software (version 3.2; Verity Software House, Inc., Topsham, ME, USA).
Western blot analysis. Cells were lysed with RIPA lysis buffer (containing 1% phenylmethane sulfonyl fluoride) on ice for 40 min. Following centrifugation at 4˚C at 10,000 x g for 10 min, the supernatant was collected. Following protein concentration determination using the BCA method (Beyotime Institute of Biotechnology), 10 µl protein samples were subjected to 10% SDS-PAGE, and electronically transferred onto a polyvinylidene difluoride membrane. Following blocking with 50 g/l non-fat milk at room temperature for 1 h, the membrane was incubated with rabbit anti-human anti-Rab22A polyclonal primary antibody (1:1,000; ab99205; Abcam, Cambridge, UK), rabbit anti-human anti-E-cadherin primary antibody (1:1,000; Beyotime Institute of Biotechnology), rabbit anti-human anti-vimentin primary antibody (1:1,000; Beyotime Institute of Biotechnology), and mouse anti-human anti-GAPDH primary antibody (1:4,000; Abcam), respectively, at 4˚C overnight. Following washing with TBS-Tween-20 three times, the membrane was incubated with horseradish peroxidase-conjugated goat anti-mouse (1:4,000; A0208) or goat anti-rabbit (1:2,000; A0216; both Beyotime Institute of Biotechnology) secondary antibodies at room temperature for 1 h. Colorization was performed using BeyoECL Plus (Beyotime Institute of Biotechnology).
Dual-luciferase reporter assay. According to bioinformatics prediction (Targetscan 7.1; targetscan.org/vert_72/), the wild-type and mutant seed regions of Rab22A 3'-UTR for miR-520b were added with Spe-1 and HindIII restriction sites, respectively, which were then cloned into the pMIR-REPORT luciferase reporter plasmid (Thermo Fisher Scientific, Inc.). A total of 0. used for comparison between two groups. One-way analysis of variance was used for comparisons between multiple groups, followed by the Student-Newman-Keuls method as a post hoc test. P<0.05 was considered to indicate a statistically significant difference.
Results

Expression of miR-520b in NSCLC tissue.
To investigate the expression of miR-520b in NSCLC tissue and its clinical significance, RT-qPCR was performed. The results demonstrated that the expression level of miR-520b was significantly decreased in NSCLC tissue (0.24±0.04) compared with adjacent tissue (P<0.01; Fig. 1A ). Furthermore, the expression level of miR-520b in the melanoma tissue from the N1 group (0.47±0.06) was significantly lower than that in the N0 group (P<0.05) (Fig. 1B) . According to the TNM staging, the expression level of miR-520b in the tumors at stage III (0.62±0.07) was significantly lower than that of the tumors at stages I/II (P<0.05) (Fig. 1C) . The expression levels of miR-520b for the moderate-and poor-differentiation groups were significantly lower than the well-differentiation group (P<0.05; Fig. 1D ). These results suggest that the expression of miR-520b is downregulated in NSCLC tissue, which may be closely associated with tumor invasion and metastasis, and disease pathogenesis.
Effects of miR-520b on proliferation of NSCLC cells.
To investigate the effects of miR-520b on the proliferation of NSCLC cells, the CCK-8 assay was performed. The results revealed that following transfection, the miR-520b expression levels were significantly elevated in the A549 and Calu-3 cells (Fig. 2A) . The findings demonstrated that, following transfection with miR-520b mimics, the OD 490 nm values of A549 and Calu-3 cells at 24, 48, and 72 h post-transfection were significantly lower than the NC group (all P<0.05; Fig. 2B ). Cell cycle stage was detected by flow cytometry. The results demonstrated that, the number of miR-520b-transfected cells in the G 1 phase was significantly elevated, whereas the miR-520b-transfected cells in the S phase was significantly reduced, indicating G 1 /S phase arrest of these cells following miR-520b transfection (Fig. 2C) . These results suggest that miR-520b inhibited the proliferation of NSCLC cells in vitro, the over-expression of which may be one of the reasons for the recurrence and metastasis of NSCLC.
Effects of miR-520b on invasion and migration abilities of NSCLC cells. To investigate the invasion and migration abilities of NSCLC cells, a Transwell chamber assay was performed.
The results demonstrated that, following transfection with miR-520b, the migration ability of NSCLC cells was significantly inhibited. The numbers of A549 and Calu-3 cells crossing the chamber membrane were significantly lower than the NC groups (41.9±3.2 vs. 68.3±2.8, and 50.5±2.1 vs. 72.6±3.8, respectively; P<0.05). Results from the invasion test demonstrated that the number of transfected A549 cells crossing the Transwell chamber membrane (21.6±1.8) was significantly lower than the NC group (33.7±2.4). Furthermore, the number of the transfected Calu-3 cells crossing the Transwell chamber membrane (35.6±2.5) was significantly lower than the NC group (52.8±3.1; P<0.05; Fig. 3A and B) . These results suggest that miR-520b may inhibit the invasion and metastasis abilities of NSCLC cells.
Effects of miR-520b on epithelial mesenchymal transformation (EMT) of NSCLC.
To investigate the effects of miR-520b on EMT of NSCLC, expression levels of E-cadherin (an EMT marker) were detected by western blot analysis. The results demonstrated that, following transfection with miR-520 mimics, the expression levels of E-cadherin were markedly elevated, whereas the expression levels of vimentin were markedly declined in the A549 cells (Fig. 4A) . Similar results and expression trends were observed in Calu-3 cells although the changes were minimal (Fig. 4B) . These results suggest that miR-520b may inhibit the EMT of NSCLC.
Rab22A is a direct target for miR-520b. miRNAs target the 3'-UTR of mRNAs to exert biological functions. Therefore, the target for miR-520b was investigated to further explore its underlying mechanism. Through the mRNA target gene prediction, using Targetscan7.1 software (targetscan.org), the tumor suppressor gene Rab22A was recognized as the potential target gene for miR-520b. The results from western blot analysis demonstrated that the expression levels of Rab22A in the NSCLC cells transfected with miR-520b mimics were markedly downregulated. Dual luciferase reporter assay results demonstrated that, the fluorescence value in the wild-type group was significantly lower than the control group (P<0.05), whereas no significant differences were observed between the mutant and NC groups (Fig. 5A and B) . These results suggested that miR-520b could directly regulate the expression of Rab22A. miR-520b regulates proliferation and metastasis of NSCLC through targeting on Rab22A. To further investigate the effects of miR-520b regulating Rab22A on NSCLC cell functions, these cells were transfected with Rab22A-over-expressed lentivirus (western blot analysis confirmed the successful overexpression of Rab22A in the transfected cells, as presented in Fig. 6A ), and the reversal effects of Rab22A on the miR-520b mimics-transfected cell functions were analyzed. In addition, compared with the miR-520b mimics group, Rab22A expression was significantly elevated in the reversal group (Fig. 6B) . The results demonstrated that, compared with miR-520b mimics, the OD 490 nm values at 24, 48 and 72 h in the reversal group were significantly elevated (P<0.05; Fig. 6C ). Cell cycle analysis demonstrated that, compared with the miR-520b mimics group, the cell number in the G 1 phase was significantly higher, whereas the cell number in the S phase was significantly lower, in the reversal group, indicating accelerated G 1 /S phase conversion (Fig. 6D) . Results from Transwell chamber assay demonstrated that the cell numbers of migration and invasion in the Rab22A reversal group were both significantly higher than the miR-520b mimics group, indicating enhanced invasion and metastasis abilities (Fig. 6E) . These results suggest that Rab22A could reverse the miR-520b-induced inhibiting effects on proliferation and metastasis of NSCLC.
Discussion
Tumor recurrence and metastasis represent key factors limiting the clinical treatment efficacy of NSCLC, the underlying mechanism of which remains to be elucidated (7) . A number of previous studies have demonstrated that the recurrence and metastasis of NSCLC are closely associated with abnormal gene expression, methylation, gene mutation, drug resistance and immunosuppression (24, 25) . miRNA molecules are associated with almost all pathophysiological biological processes, which provides rationale for their use in early diagnosis and target therapy for tumors (26) . A number of miRNAs are associated with the development of NSCLC (27) . In the present study, it was demonstrated that miR-520b expression was significantly downregulated in NSCLC tissue, which was negatively correlated with lymph node metastasis and TNM staging. Cellular and molecular experiments confirmed that miR-520b targeted Rab22A to regulate the proliferation and metastasis of NSCLC. miRNAs are a class of post-transcriptional regulators that have attracted research attention in recent years, which are associated with the regulation of development in various diseases (28) . Studies have demonstrated that various miRNAs serve important roles as oncogenes or tumor suppressor genes in tumor development, and that their abnormal expression may induce intracellular oncogene/tumor suppressor gene imbalance, thereby promoting cell carcinogenesis, and tumor recurrence and metastasis (29) . It has been indicated that miR-26a inhibits the proliferation, invasion and metastasis of malignant melanoma by targeting microphthalmia-associtated transcription factor genes (30) . Furthermore, miR-125b promotes the sensitivity of nasopharyngeal carcinoma to radiotherapy via regulating the A20/nuclear factor (NF)-κB signaling pathway (31). Ren et al (32) have recently demonstrated that miR-210-3p promotes EMT and bone metastasis of pancreatic cancer through the regulation of NF-κB signaling pathway. In addition, due to the disturbed expression profiles of mRNA in both tumor tissues and cells, the same miRNA may target different genes to exert biological functions in different tumors (33) . miR-503 has been demonstrated to target and regulate the CyclinD1 gene in esophageal squamous cell carcinoma (34) , and targets B cell lymphoma-2 in the hepatocellular carcinoma (35) . miR-520b is a newly discovered tumor-associated miRNA molecule, which acts as a tumor suppressor in a variety of tumors. It has been demonstrated that miR-520b inhibits the stemness of head and neck tumors via targeting cluster of differentiation (CD)44 expression (36) . Furthermore, miR-520b may target defective in cullin neddylation 1 domain containing 1 expression in colon cancer and inhibit tumor development (37) .
The present results demonstrated that the expression of miR-520b was significantly downregulated in NSCLC tissues, which was negatively associated with lymph node metastasis and TNM staging. Results from in vitro experiments demonstrated that the upregulation of miR-520b inhibited the proliferation and metastasis of NSCLC A549 and Calu-3 cells. These results indicate that miR-520b may serve a role as a tumor suppressor in the development of NSCLC. Further in-depth studies are required to investigate the association between miR-520b and disease outcomes. Rab22A is a small molecule GTP binding protein, or small molecule GTPase, which belongs to the Ras superfamily (38, 39) . Rab22A is generally activated following binding to GTP in transit vesicles. GTP is converted to GDP following energy dissipation, and Rab22A is also inactive (39) . A large number of studies have demonstrated that Rab22A exerts oncogene function in the development of various tumors (40). Su et al (41) have recently demonstrated that Rab22A is highly expressed in melanoma and promotes tumor proliferation and metastasis (41) . Furthermore, Zhou et al (42) have suggested that Rab22A promotes the metastasis of lung cancer cells by regulating the recycling of CD147. In the present study, bioinformatics prediction demonstrated that miR-520b may be associated with the regulation of Rab22A expression. The results from western blot analysis demonstrated that upregulation of miR-520b could downregulate the expression of Rab22A. Conversely, dual luciferase reporter assay confirmed that Rab22A was the target gene for miR-520b. In order to further verify that miR-520b exerted biological functions though Rab22A, the expression of Rab22A was reversed, which inhibited the tumor suppressing function of miR-520b in NSCLC. These findings suggest that miR-520b exerts biological functions through regulating Rab22A. Although these results demonstrated that Rab22A was the target of miR-520b, the underlying mechanisms for cell proliferation, invasion and migration are yet to be elucidated.
In conclusion, the present results demonstrated that miR-520b served a role as a tumor suppressor gene in the development of NSCLC. The downregulated expression of miR-520b in lung cancer tissue was closely associated with tumor development. miR-520b targeted Rab22A to exert the tumor suppressing function.
